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PROBLEM TO BE SOLVED: To provide a supported 
metal membrane for separating hydrogen from a gaseous 
mixture, in which a membrane-supporting body has a high 
porosity which has hitherto never been realized. 



supporting surface of the membrane-supporting body. At 
this time, pores of the membrane-supporting body are 
each filled with an auxiliary material at least in the 
range of the surface of the supporting body before 
arranging the metal membrane, and each hole is opened 
by removing the auxiliary material after arranging the 
metal membrane. 
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CLAIMS 



[Claim(s)] 

[Claim 1]ln a supported metal membrane which has a metal membrane on a support surface of a porous membrane base 
material, A metal membrane is given on a support surface of a film base material, and in that case fine pores of a film 
base material, A supported metal membrane which has a metal membrane on a support surface of a porous membrane 
base material which carrying out sealing with auxiliary matter within the limits of a support surface at least before giving of 
a metal membrane, and opening wide by removal of auxiliary matter for the first time after giving of a metal membrane. 
[Claim 2]The supported metal membrane according to claim 1 whose auxiliary matter a film base material is manufactured 
from porous metal, a metal alloy, a sintered metal, sintered steel, glass, or ceramics, and is an organic compound of 
metal, a salt, graphite, polymer, or the amount of polymers which can dissolve easily chemically. 

[Claim 3]The supported metal membrane according to claim 1 in which a base material consists of an eutectic alloy of a 
polyphase, and auxiliary matter is arranged all over a phase domain, and is formed of a phase of a reliance base metal 
(electronegativity), and it is electrochemically eluted under formation of fine pores after giving of a metal membrane in said 
phase. 

[Claim 4]The supported metal membrane according to claim 3 which is formed by electrochemical elution of a phase to 
which a base material consists of the eutectic alloy AgCu, and porosity is rich in Cu. 

[Claim 5]A metal membrane in which an any 1 paragraph statement to claims 1-4 which a metal membrane is based on an 
electrochemical deposit, or is given by PVD or a CVD method was supported. 

[Claim 6]The supported metal membrane according to claim 5 in which a given metal membrane consists of palladium or a 
palladium alloy. 

[Claim 7]The supported metal membrane according to claim 6 in which a metal membrane contains PdAg23, PdCu40, or 
PdY10. 

[Claim 8]The supported metal membrane according to claim 1 in which a metal membrane has less than 5 micrometers of 
thicknesses of 2-0.3 micrometer preferably. 

[Claim 9]The supported metal membrane according to claim 8 which an average pore size of a film base material 
exceeded 0.5 micrometer, and is less than 10 micrometers. 

[Claim 10]The supported metal membrane according to claim 9 with a larger average pore size of a film base material 
than thickness of a metal membrane. 

[Claim 11]The supported metal membrane according to claim 1 in which a metal membrane is constituted as a multilayer 
film. 

[Claim 12]A metal membrane and the supported metal membrane according to claim 11 in which a layer which acts as a 
diffusion barrier between metallic support bodies is arranged. 

[Claim 13]The supported metal membrane according to claim 1 in which a metal membrane is constituted as foil or a small 
tube. 

[Claim 14]The supported metal membrane according to claim 1 in which a metallic support body exists in a form of a 
porous honeycomb body. 

[Claim 15]The supported metal membrane according to claim 1 in which a layer effective in a catalysis is given by field 
distant from a metal membrane on a porous membrane base material. 

[Claim 16]The supported metal membrane according to claim 1 in which a functional layer is given by field contrary to a 
metal membrane on a porous membrane base material for gettering of a pollutant and a toxic substance. 
[Claim 17]Use of a metal membrane in which an any 1 paragraph statement to claims 1-16 for separation of hydrogen 
from a gas mixture thing was supported. 

[Claim 18]!n a method of manufacturing, the supported metal membrane according to claim 2 Restoration of fine pores of 
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a porous metal base material in the following processia auxiliary matter, b) A manufacturing method of a supported metal 
membrane including smoothing of a support surface and defecation, giving of a metal membrane to c support surface top, 
and removal of auxiliary matter from fine pores of d film base material. 

[Claim 19]ln a method of manufacturing, the supported metal membrane according to claim 3 Defecation of a support 
surface of the following process:a film base material, b) A manufacturing method of a supported metal membrane 
including electrochemical elution of a phase of a base metal from processing of a composite material which consists of a 
metal membrane and a film base material in giving of a metal membrane to a support surface and c300-700 ** 
temperature, and that of d film base material. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the supported metal membrane which has a metal membrane on a porous 
membrane base material, its manufacture, and its use. The metal membrane in which this kind was supported is used for 
separation of hydrogen from RIFO mate gas, in order for a gas mixture thing to dissociate and to supply fuel gas 
especially required for a fuel cell. 

[0002]For the purpose, precise palladium membrane or palladium alloy membrane is usually used on the base material of 
porosity or non-porosity in palladium membrane or palladium alloy membrane, for example. As a base material of non- 
porosity, it divides and the foil which consists of metal of hydrogen permeability is used. The penetrability of the film of 
hydrogen increases as temperature rises. Therefore, a typical operating temperature is 300-600 *\ 
[0003]T. S. Moss and R. C. Dye [Proc.-Natl. Hydrogen Assoc. Annu. U.S. Hydrogen Meet, and 8th (1997), 357-365] And 
T. S. Moss, N. M. Peachey, R. C. Snow, and R. C. Dye [Int. J. Hydrogen Energy 23(2), To (1998) and 99-106 ISSN:0360- 
3199], the membranous manufacture and use which are obtained by giving PdAg or Pd to both sides by negative pole 
spraying of the foil from the metal of the 5th subgroup are indicated. Since the layer thickness given by both sides may 
change, asymmetrical components arise (for example, : 0.1 micrometer Pd/40 micrometer V/0.5micrometer Pd). A 
penetration experiment shows 20 times higher hydrogen permeability as compared with Pd film by which the very thing 
support was carried out. Therefore, the indicated film is suitable for use of a PEM fuel cell system instead of the 
conventional contact gas purification stages (a water gas shift reaction and priority oxidation of CO). 
[0004]lt is not connected with the British patent No. 1292025 specification, or use of iron as a non-porous substrate for a 
porous palladium (- alloy)-layer, vanadium, tantalum, nickel, niobium, or its alloy is indicated. Palladium layers are about 
0.6 mm in thickness, and are given with a press, thermal spraying, or an electrodeposition process by the base material 
which has a thickness of 12.7 mm. Subsequently, the thickness of the composite material produced in this way falls to 
0.01-0.04 mm with rolling. 

[0005]By carrying out mutual electrodeposition of the alloy metal from the 8th or 1 subgroup of the periodic table of 
palladium and an element on the metallic support body to which it is not stated separately in detail according to the 
Federal Republic of Germany patent 19738513CNo. 1 specification, Especially thin hydrogen separation membrane 
(thickness below 20 micrometers) can be manufactured. In order to change a mutual layer into a homogeneous alloy, 
suitable heat treatment may follow an electrode posited process. 

[0006]The metallic material and the charge of a ceramic material are suitable as a porous substrate for a palladium (- 
alloy)-film. According to JP,05-078810,A (WPIDS 1993-140642) in that case, palladium can be given by the porous 
substrate, for example by a plasma spraying process. 

[0007]Y. Lin, G. Lee, and M. Rei [Catal. Today 44 (1998) 343-349 and Int. J. ofHydrogen Energy 25 (2000) 21 1-219] If it 
depends, The palladium membrane (20-25 micrometers of thickness) of defective non-** can be manufactured on the 
tubular base material which consists of the porous stainless steel 316L in a nonelectrolytic plating method, and can be 
incorporated as a component in a steam reforming reaction machine. With the working temperature of 300-400 **, the 
refined RIFO mate containing 95 volume % H 2 is obtained. However, the optimal working temperature range at it which is 
restricted extremely, that is, less than 300 ** palladium membrane, When it exceeds 400-450 ** to the embrittlement 
caused by hydrogen starting, it is spread in palladium layers, and penetrable inferior-ization is imitated, and the alloy 
content in a stainless steel base material is **. 

[0008]A nonelectrolytic plating method is preferably used for covering a ceramic base material. For example, CVD coating 
by palladium of the unsymmetrical porous ceramic used in the methane steam reforming reaction machine for separating 
hydrogen from a RIFO mate is indicated by E.Kikuchi [Catal. Today 56 (2000) 97-101]. The minimum thickness is 4.5 
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micrometers. The more a layer is thin, the more the airtightness of a layer must have been guaranteed any longer. In 
addition to CVD coating by pure Pd, coating with a palladium alloy is also possible, and an alloy with silver prevents 
embrittlement of palladium membrane in that case, and the permeability of hydrogen is increased. 
[0009]ln addition to pure hydrogen separation membrane, the film which prepares the reactant layer for the use in a fuel 
cell system in addition to hydrogen content delaminate (palladium) is indicated repeatedly. Therefore, the porous substrate 
of the palladium (- alloy)-film may be covered with the field which is not covered with Pd, for example by the combustion 
catalyst. The heat emitted on the occasion of the combustion in respect of reactivity is used for maintaining the operating 
temperature of hydrogen separation membrane simultaneously (the European patent laying-open-of-application 
09241 62ANo. 1 specification). Such a component is incorporated behind a reformer in a refining process, or is directly 
incorporated into a reformer (the European patent laying-open of application 09241 61 ANo. 1, the No. 09241 63A1 
specification). 

[0010]To hydrogen separation in the fuel cell field, are not only usable in palladium membrane. The concept of use of the 
layer membrane in which an assembly is universally possible is introduced to the European patent 09451 74ANo. 1 
specification. 

The layer which this is fine porosity and consists of the plastic of discontiguous-selection nature, two or more ceramic 
layers, and/or metal (preferably the 4th, 5, or 8 subgroups) of discontiguous-selection nature may be contained, In that 
case, these layers are given on the porous substrate (glass, ceramics, a metal foamed body, carbon, or porous plastics). 

[001 1]The purpose of development of the metal membrane for separation of hydrogen from a gas mixture thing is to 
obtain the high transmissivity of hydrogen. For the purpose, a metal membrane must be formed as thinly as possible so 
that the leakage of the form of a hole may not arise in that case. Such a film is processed only in the supported form and it 
deals in it. The film base material must have high porosity, in order to have the smallest possible influence to the 
permeability of hydrogen. Therefore, in the case of the publicly known manufacturing method of the supported film, the 
difficulty of carrying out the separation deposit of the film without a defect on a porous substrate exists. Under the present 
circumstances, two problems arise. How to have been indicated, for example for the separation deposit of palladium or a 
palladium alloy can guarantee first the membrane layer which does not have a defect relatively to one from specific 
thickness. This minimum thickness is in about 4-5 micrometers, it which needs for the covering art used for giving of the 
membrane layer to a porous membrane base material top not to exceed a value with a specific average pore size of a film 
base material on the other hand - that is, — otherwise, it is because covering which is connected and a defect does not 
havens unable to be given. Therefore, the aperture of a publicly known film support material, for example, a porous 
ceramic, or a porous metal base material is less than 0.1 micrometer, it will be said that this cannot fall to the range of a 
value with desirable flow resistance of the gas which passes along fine pores. 

[0012]The electrochemical process which manufactures the film of fine-pores non-** protected with the porous metal 
object which uses palladium as a base by the international patent application official announcement of/[ 89th ] No. 04556 
specification is indicated. According to said method, alloy foil (preferably brass) produces the palladium (- silver)-film of 
fine-pores non-** on a porous metallic support body by what is electrodeposited with palladium or palladium / silver by one 
side (thickness of palladium layers: about 1 micrometer). The porosity of a base material is produced afterwards according 
to elution of the base metal ingredient from brass foil. Although elution is performed electrochemically and both base 
material ingredients are first taken in a solution in a cyclic process in that case, the separation deposit of the noble metal 
component is carried out again directly at palladium layers (electrochemical recrystallization). since fewer noble metal 
components of the alloy of the form of foil advance quantitatively in a solution operationally in that case - a porous metal 
object - porous copper body remains as a base material for palladium / silver-film preferably. 

[0013]The brass foil used as a base material dissolves thoroughly the method by the international patent application 
official announcement of/[ 89th ] No. 04556 specification as a matter of fact, and it has the fault that it must newly 
assemble again by electrochemical recrystallization. Thereby, the junction between palladium layers and base material foil 
is destroyed. The mechanical strengths of the recrystallized foil are few, and the porosity is indefinite. 
[0014] 

[Problem(s) to be Solved by the InventionjThe technical problem of this invention is easy and is indicating the metal 
membrane in which it was supported for separating hydrogen from the gas mixture thing which can be manufactured by 
the method which expense does not require. Another object of this invention is a supported metal membrane which has 
the high porosity (an average pore size and pore volume) which the film base material was not able to realize until now. 
Metal bipolar membrane with a larger average pore size of a film base material than the thickness of a metal membrane is 
an object of this invention. 
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[0015] 

[Means for Solving the ProblemJThis technical problem is solved with a supported metal membrane which has a metal 
membrane on a support surface of a porous membrane base material. A supported metal membrane can be obtained by 
giving a metal membrane on a support surface of a film base material, In that case, fine pores in a film base material are 
wide opened by carrying out sealing within the limits of a support surface with auxiliary matter at least before giving of a 
metal membrane, and removing auxiliary matter only after giving of a metal membrane. 

[0016]Within the limits of this invention, it is distinguished between a support surface and a contact surface of a film base 
material. A support surface includes all the surfaces of a film base material which can be covered with a metal membrane, 
i.e., the fine-pores surface by which sealing was carried out with auxiliary matter which it has at a flat surface of a support 
surface, and a direct contact side of a film base material with a metal membrane after removal of auxiliary matter. 
[001 7]A metal membrane by this invention can be obtained by choosing a porous membrane base material by which 
sealing is carried out only in a field of a support surface which fine pores are auxiliary matter and make the purpose 
thoroughly before giving of a metal membrane, for example. A film base material consists of porous metal, a metal alloy, a 
sintered metal, sintered steel, glass, or ceramics advantageously. Sealing of the fine pores of such materials is chemically 
carried out easily before giving of a metal membrane with an organic compound of metal which can dissolve, a salt, 
graphite, polymer, or the amount of polymers, for example. 

[0018]Especially smoothing a support surface of a film base material by a means for which it was suitable, for example, 
grinding, and polish, and carrying out surface texturing of the continuing contact surface with a metal membrane, and 
defecating it before giving of a metal membrane, is recommended. In this way, since the produced quality surface is given 
by metal membrane moved and it is maintained even after removal of auxiliary matter, a completed metal membrane 
which was supported has a very even structure of having homogeneous thickness. 

[0019]Auxiliary matter is removable from fine pores of a film base material according to auxiliary matter and character of a 
film base material according to various methods, for example, melting, combustion, the dissolution, chemical elution, and 
electrochemical elution. 

[0020]An electrochemical deposit, PVD, or a CVD method is suitable for a film base material as a method of giving a metal 
membrane. In PVD desirable for a deposit of a metal membrane, it is it, that is, this method of being cathode sputtering, 
and is because a general very dense layer which has few porosity, i.e., high pack density, may be produced. 
[0021]Restoration of fine pores of a porous membrane base materia! in :a auxiliary matter in which a method just indicated 
for manufacture of a supported metal membrane by this invention includes the next process processing, smoothing of b 
support surface and defecation, giving of a metal membrane to c support surface top, and removal of auxiliary matter from 
fine pores of d film base material. 

[0022]There is another possibility for manufacture of a supported metal membrane in a film base material of non-porosity 
first which has potential porosity being chosen. Here, a film base material has heterogeneous structure, fine pores mean 
filling up with auxiliary matter succeedingly in that case, and this is removed for the first time, after a metal membrane is 
given on a support surface of a film base material aiming at it. 

[0023]By an easy method, this is realizable by a film base material's consisting of an eutectic alloy of a polyphase, and 
arranging auxiliary matter all over a phase domain, forming it of a phase of a reliance base metal (electronegativity), and 
being electrochemically eluted with formation of fine pores after giving of a metal membrane in this. For the purpose 
[ especially ], the eutectic alloy AgCu which consists of an alloy phase which is rich in an alloy phase which is rich in Cu, 
and Ag is suitable. A phase which is rich in Cu is electronegativity more, and from a film base material, it is selectively 
eluted under formation of desired porosity, and it is sold at an electrochemical process. Most phases which are rich in Ag 
are still untouched in that case. According to the international patent application official announcement of/[ 89th ] No. 
04556 specification, to being eluted thoroughly and reconstructed, a skeleton hard from an alloy phase which is rich in Ag 
is obtained, and a film base material has an effect of plus at the stability of - film base material according to this invention. 
[0024]Preferably, a copper content of an eutectic alloy is 20 to 80 mass % to total mass of an alloy. By heat treatment 
which was suitable for a base material in 400-750 ** after giving, the giving front stirrup of a metal membrane can affect 
structure of a film base material, and by extension, porosity of the after that of an advantageous method. 
[0025]A manufacturing method of a supported metal membrane by this invention using a film base material which consists 
of eutectic alloys, That is, it is electrochemical elution of a phase of a base metal from processing at temperature of 300- 
700 ** of a composite material which consists of defecation of a support surface of :a film base material containing the 
following down stream processing, giving of a metal membrane to b support surface top, a c metal membrane, and a film 
base material, and that of d film base material. 

[0026]Preferably, a supported metal membrane by this invention is used as a gas separation membrane for separation of 
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hydrogen from a gas mixture thing. In this case, a metal membrane is preferably manufactured from palladium or a 
palladium alloy, for example, PdAg23, PdCu40, or PdY10. 

t0027]ln order that a metal membrane of slight thickness may ensure the highest possible permeability of desired gas, it is 
needed for use as a gas separation membrane. A gas separation membrane which consists of palladium or a palladium 
alloy which has the thickness which exceeds 20 micrometers is only hardly interested in separation of hydrogen from a 
gas mixture thing because of high expense of the precious metals, and low penetrability. A film which has the thickness 
which is less than 0.3 micrometer may have many defects. Moreover, the permeability of gas which is not desirable also 
increases by this slight thickness. Based on an operation of both sides, membranous separating power falls to a value 
which must have been permitted any longer by thickness below 0.3 micrometer. Therefore, a metal membrane has 
preferably 0.3-5 micrometers of thicknesses of 0.5-3 micrometers. 

[0028]lt is used in order that a porous metal membrane base material may protect a thin metal membrane, and a film base 
material should make penetrability of a metal membrane to the slightest possible inferior-ization as compared with a metal 
membrane in which the same thickness is not supported in that case. On the other hand, the minimum thickness with a 
specific film base material is required in order to ensure mechanical stability which needs a supported film. Therefore, the 
thickness of a film base material should be less than 100 micrometers, and must not be less than 20 micrometers. Let 
preferably a 50-20-micrometer-thick film base material be a target. 

[0029]When using a metal membrane supported as a gas separation membrane for a gas mixture thing containing 
hydrogen, it must be equal to change of volume of a film by incorporation, discharge, and a temperature change of 
hydrogen, and a size in time for an operating condition changed strongly. The dimensional change of a metal membrane 
should be equal to it of a film base material, in order to serve destruction of a supported metal membrane. Therefore, it is 
preferred that metal bipolar membrane (metal membrane on a metal membrane base material) exceeds a homogeneous 
charge of a metal-ceramic composite material (metal membrane on a ceramic membrane base material) for a temperature 
change when change of capacity or a size is a problem. A coefficient of thermal expansion of two metal has metal or few 
differences than an expansion coefficient of ceramics. 

[0030]From above charge PdAgof film material23, PdCu40, or PdY10, PdAg23 has a substantial more strong change of a 
size and capacity rather than PdCu40 in the case of incorporation of hydrogen. Therefore, a metal membrane which 
consists of PdCu40 is preferably used by refining of hydrogen on a film base material which consists of AgCu(s). 
[0031 ]lt is often advantageous to assemble a metal membrane by a multilayer. In this case, it is also possible to form the 
first layer arranged directly on a film base material as a diffusion barrier. In the case of a metal membrane base material, 
especially a diffusion barrier is prevented, and arbitrary change of alloy composition in a metal membrane by diffusion of 
an alloy content inside of a film or other than a film is not performed in the case of operation of a supported metal 
membrane. This presentation of alloy composition can have influence remarkable in penetrability of a metal membrane. A 
ceramic oxide, for example, an aluminum oxide, a titanium dioxide, and cerium oxide are suitable as a diffusion barrier. As 
a substitute of a diffusion barrier from an oxide material, metal, for example, vanadium, tantalum, or niobium may be used, 
and these have the good permeability of hydrogen. In the case of an oxide, the thickness of this diffusion barrier layer 
should be less than 0.5 micrometer, and, in the case of metal, should be less than 2 micrometers. Preferably, in the case 
of both sides, layer thickness is less than 0.1 micrometer. 

[0032]ln using a metal membrane supported for RIFO mate gas purification, it is advantageous to combine a catalyst and 
a supported metal membrane, and it obtains. For the purpose, covering effective in a catalysis is given by field distant 
from a metal membrane on a porous membrane base material. Selectively, a functional layer for removing an impurity and 
a toxic substance may be given instead of covering effective in a catalysis. 

[0033]A supported metal membrane by this invention is used for separation of hydrogen from RIFO mate gas from a gas 
mixture thing especially preferably. This invention enables manufacture of a supported metal membrane which has the 
high porosity (an average pore size and pore volume) which a film base material was not able to realize until now. It is the 
thickness of a 0.5-3-micrometer gas separation membrane preferably, and a film base material has 0.3-5 micrometers of 
average pore sizes which exceed 0.5 micrometer and are less than 10 micrometers. That is, it is indicated for the first time 
that an average pore size of a film base material produces a supported larger metal membrane than thickness of a metal 
membrane in this specification. Therefore, the aforementioned metal membrane has the hydrogen permeation ability 
which stood high. 

[0034]Generally, a supported metal membrane is used in a form of even foil. However, a metal membrane may be 
manufactured in a form of various geometric structures, and this has additionally the advantage of being good, 
substantially rather than an even film of the wall thickness with the same mechanical stability. Especially a supported 
metal membrane can be manufactured also in a form of a thin small tube. 
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[0035]: drawing 1 this invention is explained to be still in detail based on the following examples based on the following 
drawing 1 - 6 shows a figure with which a section of a supported metal membrane by this invention before being eluted 
from fine pores of a film base material in auxiliary matter was idealized. (1) expresses a composite material which consists 
of metal bipolar membrane (2), i.e., a metal membrane, and a film base material (3). The surface of a film base material in 
an interface of a metal membrane and a film base material is a support surface (4). A support surface consists of a portion 
(7) formed of a portion (8) formed in a flat surface of a support surface of fine pores (6) by which consisted of a different 
surface portion, namely, sealing was carried out with a film support material (5) and auxiliary matter. A surface portion (8) 
is the surface beforehand defined as a contact surface of a film base material. 

[00361 Drawing 2 shows a relation of drawing 1 after removal of auxiliary matter. During operation of a film as a gas 
separation membrane for defecation of hydrogen, material of a film base material is what may be diffused to a metal 
membrane (2), and imitates a fall which is not desirable as for the hydrogen permeability of a metal membrane, and may 
come. In order to reduce this diffusion, a layer (9) which controls diffusion is introduced between a metal membrane (2) 
and a film base material (3), and it gets. Drawing 3 shows such arrangement. A material suitable for a diffusion barrier is a 
layer which consists of a ceramic oxide which was already described above, for example, an aluminum oxide, titanium 
oxide, cerium oxide and metallic vanadium, tantalum, or niobium. 

[0037] Drawing 4 shows an embodiment of metal bipolar membrane by this invention from which a metallic support body is 
covered with a functional layer (10) by field distant from a metal membrane. In that case, a functional layer may be a 
catalysis layer for CO conversion (water gas shift) and oxidation of carbon monoxide, or a layer for absorbing a sulfur kind 
(for example, hydrogen sulfide). 
[0038] 

[Example]The Pd thin layers which have 0.5 micrometer of thickness, 1 micrometer, and 2 micrometers on foil with a 
thickness of 50 micrometers which consists of example 1 AgCu28 were manufactured according to electrodeposition. 
[0039]The phase which is rich in Cu was made eluted from the charge of AgCu28 alloy of a film base material after heat 
treatment of the covered foil over the period for 30 minutes at 600 ** under protection gas (argon). The anode performed 
elution with the fixed bath voltage of 230 mV for the inside of the sulfuric acid electrolysis solution which has sulfuric acid 
10% by potentiostat operation at 40 **, and 20 hours. This produced open pore structure in film base material foil. 
[0040]The picture in the metallographic examination and scanning electron microscope about the section of the supported 
metal membrane which were completed showed dense Pd film firmly joined on the porous AgCu support layer which has 
the porosity and 1-5 micrometers in the aperture to penetrate. 

[0041]lt gave on the foil which consists 23 layers of 2-micrometer-thick PdAg(s) of AgCu28 by cathode sputtering using 
example 2PdAg23 target. 

[0042]The phase which is rich in Cu was made eluted from the charge of AgCu28 alloy of a film base material after heat 
treatment of the covered foil under the protection gas (argon) in 600 ** over the period for 30 minutes. The anode 
performed elution with the fixed bath pressure of 230 m V for the inside of the sulfuric acid electrolysis solution which has 
sulfuric acid 10% by potentiostat operation at 40 **, and 20 hours. This produced open pore structure in film base material 
foil. 

[0043] Drawing 5 shows the scanning electron micrograph of the section of the metal bipolar membrane produced in this 
way after elution of the phase which is rich in copper of a film base material. From drawing 5 , the big pore structure of a 
film base material can see clearly. An average pore size is larger than the thickness of a metal membrane. The metal 
membrane had flat [ which was not able to be attained when a metal membrane was given on the film base material 
already provided with fine pores ]. An average pore size becomes the largest on the surface which increased and is 
distant from the metal membrane of a film base material, as the distance from a metal membrane increases. This 
inclination structure is for anode elution of the phase which is rich in Cu of the film base material of the above-mentioned 
kind. 

[0044]The phase which is rich in copper from foil was made eluted from another film base material foil which consists of 
AgCu28 like [ three examples ] 1 and 2. In order to study the influence of heat treatment about formation of pore structure 
before elution of the phase which is rich in copper in film base material foil, it applied to heat treatment which is different in 
Examples 1 and 2. 

f0045] Drawing 6 shows the sectional view of film base material foil processed in this way. The average pore size of the 
produced pore structure is farther [ than the inside of drawing 5 ] small, and it is shown that the influence of the kind of 
manufacture of the coalescence gold film base material with which the porosity and pore structure of film base material foil 
consist of an AgCu28-alloy can be received. Determining the aperture to produce in principle is chosen in the case of 
manufacture of cooling conditions of AgCu28 alloy, for example, heat machine processing, i.e., rolling, is performed, and 
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thermal long post-processing is continued. Longer thermal post-processing of the foil after the modification like; heat 
machine which brings about the size of few [ the forced cooling in the case of manufacture ] phases of AgCu28, and 
produces an aperture smaller finally than that in a membrane carrier by extension, Recrystallization and by extension, big 
and rough-ization of a phase domain are imitated, it comes, the latter imitates the bigger (example like [ of 2 ]) aperture in 
a film base material, and this is **. Also by very slight change under total presentation of AgCu28 which consists of a 
different phase (it is [ Cu ] rich and rich in Ag), the size of a phase and by extension, a subsequent aperture are affected. 
However, these methods are not the objects in this specification. 

[0046]ln the above-mentioned example, only the film base material which consists of eutectic-alloy AgCu28 is used, 
however manufacture of the film by this invention is not restricted only to such a film base material. As already stated 
above, sealing is carried out with auxiliary matter before giving of a metal membrane, and the first porous membrane base 
material to be eluted and for auxiliary matter to be wide opened from fine pores, after giving of a metal membrane, can be 
used. 
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* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view where the supported metal membrane by this invention before removal of the auxiliary 
matter from the fine pores of a film base material was idealized. 

[Drawing 2] The sectional view where the supported metal membrane by this invention after removal of the auxiliary matter 
from the fine pores of a film base material was idealized. 

[Drawing 3] The sectional view where the metal membrane and the supported metal membrane by this invention which has 
a diffusion barrier layer between film base materials were idealized. 

[Drawing 4] The sectional view where the supported metal membrane by this invention which has covering of a catalysis in 
the field which has a diffusion barrier layer between a metal membrane and a film base material, and is distant from the 
metal membrane of a film base material was idealized. 

[Drawing 5] The sectional view of the supported PdAg-film by this invention on the film base material which consists of 
AgCu(s). 

[Drawing 6] The figure showing the porous structure of the film base material which consists of an eutectic AgCu alloy after 
elution of the phase which is rich in copper. 
[Description of Notations] 

1 A composite material and 2 [ A support surface and 5 / A film support material and 6 / Fine pores and 7 / A portion and 
8 / A portion and 9 / Functional layer ] The layer and 10 which control diffusion A metal membrane and 3 A film base 
material and 4 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 4] 




[Drawing 5] 
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